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Jahren.	Verwitterung	und	Verbraunung	 führten	 zur	Überprägung	 des	 holozänen	Ausgangsgesteins.	Die	 geochemischen	Ei-
genschaften	der	holozänen	Bodenbildung	sind	jedoch	im	Vergleich	zu	Bv-Horizonten	aus	dem	Spätglazial	und	Spätglazial	bis	
Holozän	 schwächer	 ausgeprägt.	Die	 Ergebnisse	 vertiefen	 die	 Erkenntnis	 von	Bodenbildungsprozessen	 in	Norddeutschland,	
wobei	die	Rolle	von	Kolluvien	als	sedimentologische	Tracer	holozäner	Bodenbildungsprozesse	unterstrichen	wird.
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dating	 of	 the	 parent	material	 is	 crucial	 to	 obtain	 pedog-
enetic	 information	 about	 the	 timing,	 duration	 and	 char-
acteristics	of	the	postsedimentary	soil	formation	(Semmel	
1998).
Bw	 soil	 horizons	 are	 diagnostic	 horizons	 of	 in	 situ	
weathering	 (i.e.	 the	 recrystallisation	of	 primary	minerals	
of	the	parent	material	and	the	formation	of	new	minerals)	
and	 brunification	 (e.g.,	 Kuntze,	 Roeschmann	 &	 Schw-
erdtfeger	1994,	Ad-hoc-AG	Boden	2005,	IUSS	Working	





During	 archaeological	 investigations	 at	 a	 former	 for-
tified	settlement	close	 to	 the	village	of	Kratzeburg	 in	 the	
Mecklenburg	 Lake	 District	 (NE	 Germany),	 Schubart	



















2  Holocene Bw horizons in North Germany 
Three	sites	with	Holocene	Bw	horizons	developed	in	col-
luvium	 have	 been	 identified	 in	 North	 Germany	 so	 far.	
Schmidtchen	et	al.	(2003)	describe	a	sequence	of	colluvi-
al	 layers	 in	Reddersknüll/Albersdorf	 (Schleswig-Holstein,	
NW	Germany),	where	 a	 Bw	 horizon	 developed	 between	
ca.	2800–1760	BC	within	the	first	colluvium	covering	Pleis-
tocene	 parent	 material.	 At	 such	 pedostratigraphic	 posi-
tions,	the	unambiguous	identification	of	an	in	situ	weath-
ered	Bw	horizon	is	difficult,	partly	because	the	colluvium	
may	 consist	 of	 allochthonous	 (eroded)	Bw	material	 from	
surrounding	 former	 autochthonous	 Bw	 horizons	 (e.g.,	
Bussemer	1998).	
A	 postsedimentary	 formation	 of	 a	 Bw	 horizon	 in	














3  Study site and methodology
3.1  Study site 
Located	 in	 NE	 Germany	 within	 the	 headwaters	 of	 the	
Havel	river,	the	relief	of	the	area	of	the	study	site	is	domi-




induced	 erosional	 processes	 during	 the	 Bronze	Age,	 the	
Medieval	 and	 the	Modern	Era	 (e.g.,	Küster	&	Preusser	
2009,	Küster	et	al.	 2012,	Küster	et	al.	 2014).	The	area	 is	
situated	in	a	transition	zone	from	maritime	to	continental	
climate,	with	an	annual	precipitation	of	570–580	mm	(e.g.,	
Kaiser	&	Zimmermann	1997).	Today,	 the	 area	 is	mostly	
covered	by	pine	forest.	The	investigated	profile	Krz-Bw	1	
is	located	at	the	foot	of	a	slope	of	a	sandy	moraine	within	
Fig. 1: Location of the study site (A). The investigated soil-sediment sequence is situated SE of the former Bronze Age fortified settlement (B). Simplified log 
of profile Krz-Bw 1 including datings and a photograph of the upper section showing the brownish Bw horizon developed in colluvium M3 (C).
Abb. 1: Lage des Untersuchungsgebietes (A). Die untersuchte Boden-Sediment-Sequenz befindet sich im Südösten der ehemaligen, während der Bronzezeit 
befestigten Siedlung (B). Vereinfachte Profilsäule des Profils Krz-Bw 1 mit Datierungen und Foto des oberen Abschnitts mit dem braunen Bv-Horizont im 
Kolluvium M3 entwickelt (C).
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Soil horizon Colluvium Depth Color pH LOI Clay Silt F.-Sand M.-Sand C.-Sand
[cm] (Munsell) [%] [%] [%] [%] [%] [%]
Ah M4 2 10YR 2/1 - - - - - - -
C M4 40 10YR 4/2 3.95 0.69 0.85 2.26 21.77 59.41 15.71
Ahb1 M3 50 10YR 3/2 4.06 1.01 0.56 2.28 13.95 56.20 27.01
Bwb M3 80 10YR 4/6 4.07 0.68 0.43 1.07 6.61 55.24 36.65
Ahb2 M2 110 10YR 3/1 4.83 0.68 0.42 0.84 8.96 57.77 32.01
C M2 145 2.5Y 4/2 5.33 0.51 0.49 1.41 10.72 57.91 29.47
Ahb3 M1 155 10YR 3/1 5.35 0.55 0.41 1.14 8.27 58.30 31.88
C M1 180 2.5Y 4/2 5.37 0.62 0.44 0.66 11.58 59.96 27.36
AhCb4 - 195 10YR 3/1 5.47 0.65 0.49 1.29 12.62 58.89 26.71
2C - 250 2.5YR 7/2 6.18 0.37 0.43 0.37 11.95 65.93 21.32







[%] [%] [%] [%] [%] [%] [%] [%] [%] [%] SiO2/Al2O3 Ordinate Abscissa CIW
C 77.43 2.91 0.72 0.04 0.19 0.27 0.67 1.02 0.08 0.20 45.14 0.48 0.98 64.74
Ahb1 88.84 3.48 0.79 0.11 0.19 0.29 1.00 1.18 0.09 0.19 43.26 0.50 0.98 61.60
Bwb 90.95 3.56 0.75 0.03 0.20 0.30 0.67 1.15 0.08 0.17 43.32 0.45 0.98 68.46
Ahb2 91.08 3.33 0.72 0.03 0.21 0.33 0.70 1.11 0.06 0.15 46.43 0.47 0.98 65.51
C 88.33 3.65 1.01 0.06 0.25 0.45 0.65 1.19 0.11 0.22 41.01 0.47 0.98 65.88
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Tab. 1: Sedimentological parameters of profile Krz-Bw 1. 
Tab. 1: Sedimentologische Parameter des Profils Krz-Bw 1.
Tab. 2: Major elements and chemical weathering indices of selected horizons of profile Krz-Bw 1.  
Tab.2: Hauptelemente und chemische Verwitterungsindizes von ausgewählten Horizonten des Profils Krz-Bw 1.
Tab. 3: OSL ages and dosimetry data of profile Krz-Bw 1. Based on the palaeodose characteristics (overdispersion and skewness), either the Central Age 
Model (CAM) or the Minimum Age Model (MAM-3) acc. to Galbraith et al. (1999) was applied. OD = overdispersion. Statistical values and age models 
were calculated in R (luminescence package 0.4.2).
Tab. 3: OSL-Alter und Dosimetrie-Daten des Profils Krz-Bw 1. Unter Berücksichtigung der Paläodosis-Eigenschaften (Überstreuung und Schiefe) wurde 
entweder das Central Age Model (CAM) oder das Minimum Age Model (MAM-3) nach Galbraith et al. (1999) angewandt. OD = Überstreuung. Statistische 
Kenngrößen und Altersmodelle wurden in R berechnet (luminescence package 0.4.2).
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the	ice-marginal	zone,	close	to	the	village	of	Kratzeburg.	
During	 the	Bronze	Age,	 there	was	 a	 fortified	 settlement	
on	top	of	the	moraine,	surrounded	by	a	trench,	which	was	
recently	filled	with	 colluvial	 sediments	 (Schubart	 1961;	
Fig.	1).













3.3  Laboratory methods
The	grain	size	distribution	of	the	profile	was	determined	by	
laser	diffractometry	of	fine	sediments.	The	organic	matter	
content	was	estimated	by	 loss	on	 ignition	 (LOI)	at	550	°C	
for	two	hours	after	crushing	and	drying	each	sample.	The	
soil	pH	was	determined	potentiometrically	in	0.01	M	CaCl2	
(see	 Table1),	 while	 the	 soil	 element	 concentrations	were	
measured	using	a	Philips	PW	2404	RFA-spectrometer.	The	
weathering	indices	(Table	2)	were	calculated	based	on	the	
element	molar	 ratios	 following	Ruxton	 (1968)	 and	Har-





To	obtain	a	 consistent	 and	valid	 chronology	of	 soil-sedi-
ment	 sequences,	 a	 variety	 of	 dating	 methods	 should	 be	
Fig. 2: Typical OSL shine down curve with fast decaying quartz OSL signal and dose response curve (Lx/Tx = test dose corrected OSL signal) (a). Palaeodose 
plots with probability density functions of HUB-0186 (colluvium M1), HUB-0184 (M3), and HUB-0183 (M4) (b–d). HUB-0183 and HUB-0184 show narrow 
palaeodose distributions (b, c), HUB-0186 and HUB-0185 (not displayed) yielded positively skewed multimodal palaeodose distributions, most likely indi-
cating insufficient resetting of the OSL signal before burial, possibly leading to an age overestimation.
Abb. 2: Typische OSL-Ausleuchtkurve mit schnell zerfallendem Quarz-OSL-Signal und Dosisfunktion (Lx/Tx = testdosiskorrigiertes OSL-Signal) (a). 
Paläodosis-Einzelwerte mit Wahrscheinlichkeitsdichtefunktionen von HUB-0186 (Kolluvium M1), HUB-0184 (M3) und HUB-0183 (M4) (b–d). HUB-0183 und 
HUB-0184 zeigen enge Paläodosisverteilungen. HUB-0186 und HUB-0185 (nicht dargestellt) ergaben rechtsschiefe, multimodale Paläodosisverteilungen, die 
als Zeichen unvollständiger OSL-Signalrückstellung während der Kolluviation gewertet werden und deshalb zu einer Altersüberschätzung führen können.
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used,	 depending	 on	 the	 available	 datable	 material	 (e.g.,	
Niller	 1998,	 Dreibrodt	 &	 Bork	 2005).	 Because	 of	 the	
presence	of	archaeological	finds	(pottery),	organic	material	
(bones)	and	clearly	detectable	colluvial	units,	three	differ-




























M2	 to	colluvium	M3,	a	 shift	of	pH	values	was	 identified,	





The	calculated	weathering	 indices,	 especially	 the	 indi-
ces	from	Kronberg	&	Nesbitt	(1981)	and	Harnois	(1988),	
identify	 the	Bw	horizon	as	 the	main	weathering	 zone	 in	
















tively	 skewed	palaeodose	 distributions	 of	 these	 two	OSL	
samples	 (Table	 3;	 Fig.	 2)	 suggest	 an	 insufficient	 resetting	
of	the	 luminescence	signal	during	the	last	sedimentation,	
which	is	typical	for	colluvial	sediments.	To	avoid	an	OSL	
















any	evidence	 for	a	 radioactive	disequilibrium	 in	all	OSL-
dated	sediment	samples.























tire	 colluvium,	 a	 separate	 geochemical	 analysis	 was	 not	










veloped	 in	 sandy	 substrates	 in	 NE	 Germany,	 using	 the	
weathering	 indices	 and	 theoretical	 weathering	 path	 of	
rocks	proposed	by	Kronberg	&	Nesbitt	 (1981),	 suggests	
a	 lower	 degree	 of	weathering	 of	 the	Holocene	 soil	 hori-
zon	at	 the	Kratzeburg	site,	not	reaching	 the	 levels	of	 the	
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datings	 of	 the	 soil-sediment	 sequence	 at	Kratzeburg	 (NE	
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Bussemer,	 S.	 (1999):	 Bodengenetischer	 und	 geoökologischer	 Vergleich	
zwischen	einem	typischen	Sandstandort	(Prötzel,	Exkursionspunkt	4)	
und	 einer	 Tertiärscholle	 (Sternebeck,	 Exkursionspunkt	 5)	 im	 nord-
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Fig. 3: Comparison of weathering indices (Kronberg & 
Nesbitt 1981) from Bw horizons in NE Germany; (A) 
Late Glacial Bw horizon (“Finow soil”) from Blankenförde 
(Küster & Preusser 2009); (B) Late Glacial – Holocene Bw 
horizon from Blankenförde (Küster & Preusser 2009); (C) 
Late Glacial – Holocene Bw horizon from the Hirschfelder 
Heide (Bussemer 2005); (D)  Late Glacial – Holocene Bw 
horizon from Prötzel (Bussemer 1999); (E) Holocene Bw 
Horizon (red) from Kratzeburg (this study). The theoretical 
weathering path according to Kronberg & Nesbitt (1981) 
is shown by the arrow. 
Abb. 3: Vergleich der Verwitterungsindizes (Kronberg & 
Nesbitt 1981) von Bv-Horizonten in Nordostdeutschland; 
(A) Spätglazialer Bv-Horizont („Finowboden“) aus Blan-
kenförde (Küster & Preusser 2009), (B) Spätglazial-holo-
zäner Bv-Horizont aus Blankenförde (Küster & Preusser 
2009), (C) Spätglazial-holozäner Bv-Horizont aus der 
Hirschfelder Heide (Bussemer 2005), (D) Spätglazial-holo-
zäner Bv-Horizont aus Prötzel (Bussemer 1999), (E) holo-
zäner Bv-Horizont (rot) aus Kratzeburg (diese Studie). Der 
theoretische Verwitterungspfad nach Kronberg & Nesbitt 
(1981) wird mit dem Pfeil gezeigt. 
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